The Atlantic Forest is one of the world's biodiversity hotspots harbouring at least 900 species of birds. Covering less than 7% of its original distribution, conservation strategies for this biome depend on information about diversity patterns and the mechanisms behind them. Here we evaluated the composition, richness, and taxonomic and functional diversity of the bird assemblage in two forest physiognomies, corresponding to two elevation ranges, at the southernmost federal protected area within the Brazilian Atlantic Forest, the Aparados da Serra National Park. Birds were sampled with mist nets in two environments: Araucaria forest, at elevation ranging above 900 m a.s.l., and dense ombrophilous forest, at elevations between 0 and 200 m a.s.l.. We found no differences in species richness between the two environments but species composition was dissimilar, as revealed by ANOSIM. Also, dense ombrophilous forest was functionally richer, while Araucaria forest presented higher functional divergence. No dominance pattern was found in dense ombrophilous forest, while in Araucaria forest a few species dominated the assemblage. The evidence that the bird assemblages of the two forests are distinct both in terms of species composition and functionality indicates that the conservation and management of the bird communities at the two environments is fundamental for the maintenance of the Southern Atlantic Forest's bird species pool.
INTRODUCTION
The Atlantic Forest is a biome of tropical and subtropical forests ranging across the east, southeast and south of Brazil, east of Paraguay and the Missiones province in Argentina; it is composed by distinct forest physiognomies that originally distributed along 1.300.000 km 2 in 17 Brazilian states (SOS Mata Atlântica & INPE 2014) . In the southernmost portion of the biome, two main forest physiognomies occur: dense ombrophilous forest dominate the lowlands and, as elevation increases, hillside formations such as cloud forests appear, and finally at the highest elevations, usually above 700 m, the plateaus harbour Araucaria forest formations interspersed with highland grasslands (Bencke & Kindel1999) . Pristine forest cover in the Atlantic Forest corresponds only to 7% of the original forest cover (SOS Mata Atlântica & INPE 2014) . However, while extremely fragmented, the Atlantic Forest still harbours high levels of biodiversity and endemism (Backes & Irlang 2004) , including 900 bird species (Lagos & Muller 2007) and is one of the "hottest biodiversity hotspots" of the world (Gallindo-Leal & Câmara 2005) .
The structuring of biological communities is determined by both historical and contemporary factors: abiotic conditions, in combination with biotic interactions (such as food availability), define the boundaries within which a particular species of the regional pool can inhabit a given area; the competition will then define stable combinations of species that have passed the first environmental filter (Ricklefs 1987) . At large spatial scales, community assembly is largely determined by both biogeographic history (Reif et al. 2010 ) and climate (Gaston & Blackburn 1995 , Brown & Gibson 1998 , Hawkins et al. 2003 , while competition, predation, habitat complexity and plant succession are key in defining the structure of biological assemblages at a local level (Eisenberg 1990 , Brown & Gibson 1998 , Casas et al. 2016 .
In forest environments, large tree species provide shade and a favourable environment for the recruitment of other species, forming different strata in the vegetation. In the southern Atlantic Forest biome, few studies have evaluated patterns and processes that structure bird communities. Some studies found that vegetation characteristics influence taxonomic diversity and trophic guilds, with forest bird communities having a vertical structure, that is, species associated to different strata and substrata of the forest (e.g., Casas et al. 2016) . The processes behind the patterns of community assembly act on ecological redundancies and complementarities of organisms and not just directly on the number of species present in a certain region; as such, the analysis of metrics such as functional richness, evenness, divergence and dispersion may contribute to our understanding of the mechanisms behind the structuring of biological communities (Mouillot et al. 2011 ).
Here we evaluated composition, taxonomic and functional diversity, and relative abundance of birds in two physiognomies of the Aparados da Serra National Park, one of the southernmost federal preserved area within the Brazilian Atlantic Forest. Based on data from bird captures in dense ombrophilous forest between 0 and 200 m a.s.l. and Araucaria forest (above 900 m a.s.l.) we tested the following hypotheses:
1. Bird assemblages from the two forest types differ in composition and species richness. We predicted:
a. Higher species richness in dense ombrophilous forest, given the greater structural complexity of vegetation in this physiognomy;
b. The presence of more species typical of dense understory in dense ombrophilous forest, and more species adapted to high elevations present in the Araucaria forest.
2. The assemblages are structured by environmental filtering, which is more severe at Araucaria forest. We thus predict:
a. Higher abundance of species with frugivorous diet and morphological traits linked to a greater number of strata in the vegetation in the dense ombrophilous forest, and higher abundance of more generalist species with morphological characteristics related to environments with little or no understory in the Araucaria forest.
b. Higher functional diversity at the dense ombrophilous forest, given the expected higher number of species and a greater number of partitionable niches.
MATERIAL AND METHODS

Study area
The study was carried out in the Aparados da Serra National Park (Figure 1 ). Occupying an area of 10,250 ha, the park is located on the eastern border of the Araucarias plateau (29°05' S, 50°00' W -29°15' S, 50°15' W) on the boundary between the states of Rio Grande do Sul and Santa Catarina, and contributes with 0.02% to the 2.44% Federal Preserved Areas ("Conservation Units" in Brazil) within the Atlantic Forest biome (IBAMA/MMA 2004) .
The physiognomy of the region is composed of three main physiognomies: i) Araucaria forests, a formation of patches of highland grasslands interspersed with Araucaria angustifolia trees predominate in the highest plateaus, above 900 m a.s.l.; ii) continuous areas of dense ombrophilous forest in the lowlands (between 0 and 200 m a.s.l.); and iii) escarpments forming vertical walls in the abrupt limits of the plateaus, as the relief is deeply cut by rivers, creating a landscape of canyons (Hasenack et al. 2009 , Graeff 2015 , Pillar & Lange 2015 .
At the highest elevations, the climate is one of the coldest in Brazil, with winter temperatures going down to 10ºC; in the lowlands, temperatures are considerably higher, with monthly averages over 22°C throughout the year (Nimer 1979) . Rainfall is high at the highest elevations and in the lowlands, and homogenously distributed throughout the year (annual average between 1750 and 2252 mm).
Bird survey
Birds were sampled with mist nets set in the understory between September 2015 and October 2016. Birds were sampled twice in each season in three sampling points distant 1 km from each other in each physiognomy: Araucaria forest and dense ombrophilous forest (Figure 1 ). At each sampling point, two lines of 150 m of nets were installed (using 3x15 m, 22 mm nets), totaling a sampling effort of 203,040 h/net (Supplementary Material 1). Nets remained opened from sunrise to 13:00 h and were kept at the same sampling point for two consecutive days, as capture rate tends to decline considerably after that period (Marques et al. 2013) .
Birds captured were identified in the field, marked with CEMAVE (National Center for Research and Conservation of Wild Birds) standard rings and released at the capture site as soon as they were tagged and all the following measures were obtained: tarsus -distance of the intersection with the tibia to the most distal tarsus squama; naris to tips -distance from the most distal part of the nostril to the tip of the beak; beak width -measured at the nostrils; beak height -measured at the nostrils; and body mass: weight of each individual in grams.
Bird species were characterized according to diet type: omnivore, insectivore, nectarivore, granivore, frugivore, and carnivore. Data on the diet of each species were obtained from the literature and followed Del Hoyo et al. (2016) . Bird nomenclature followed Piacentini et al. (2015) .
The capture of birds with mist nets is a widely used method in bird monitoring. As a method of capture, mist nets are far superior to other methods, both for the versatility and variety of species captured, besides allowing sampling standardization in long term studies (Gosler 2004 ). However, mist nets are still selective and only survey a portion of the avifauna present at a given site (Martin et al. 2017) . Other complementary methods, such as acoustic sampling are necessary for more complete surveys, but time, logistical and financial limitations did not allow for those complementary techniques to be used here.
The study was approved by the Universidade Federal do Rio Grande do Sul Research (COMPESQ/ UFRGS) and Ethics (CEUA/UFRGS) Committees (project 28645), and all the necessary permits for bird capture and ringing were obtained from the competent national agencies (SISBIO license 49050 and CEMAVE license 4026/1).
Data analysis
Differences in taxonomic richness between the assemblages of the two forests types were evaluated by individual-based rarefaction and nonparametric extrapolation. Rarefaction was based on species richness estimates for a given number of individual samples, as differences in the number of species may result from differences in sample size (Oksanen et al. 2013) . Rarefaction by non-parametric extrapolation projects the rarefaction curves beyond the size of the reference sample (Colwell & Coddington 1994) , allowing more robust comparisons of the number of species between the sampled physiognomies.
To characterize the distribution of abundances of all species within each of the assemblages the Species Abundance Distribution (SAD) was used; to evaluate diversity Rényi Series profiles were used. These diversity profiles result in different values equivalent to different diversity indexes according to the variation in the order of the parameter α, where α = 0 is species richness, α = 1 is Shannon index and α = 2 is Simpson index (Tóthmérész 1995) . The assumptions of the ecological models of SAD's are examined according to the assumptions of the following models: Brokenstick (McArthur 1957) assumes that resources are equally distributed among species; Nichepreemption (Motomura 1932) postulates that the level of abundance of each species is a sequential and constant proportion of the total number of individuals in a community; log-normal (Preston 1948 ) assumes that the abundance of the species follows a normal distribution; Zipf (Zipf 1949 ) and Zipf-Mandelbrot (Gray 1987) , characteristic of communities in ecological succession, postulating that late colonizing species greater need for specialized niches and are therefore rarer than the initial colonizing species.
To test for differences in bird species composition between the two forest physiognomies an Analysis of similarities (ANOSIM) was performed based on the abundance matrix. ANOSIM allows to statistically testing differences between two or more groups of sample units using a dissimilarity matrix. Subsequently, to evaluate which species contributed more to the differences found a percentage of similarity analysis (SIMPER) was used.
Functional diversity is a complex concept, and modern approaches recognize that diversity is a multifaceted issue, and therefore advocate the use of multiple metrics (Laliberté & Legendre 2010) . The functional matrix was composed by five columns (four with morphological traits and one with diet information). For the morphological traits (except weight), measures were standardized by bird size allowing comparisons of those traits between species, as the influence of size on those traits is removed. Here the approach of Villéger et al. (2008) was followed, which is based on the distance between the assemblages in the multivariate trait space (based on the PCoA axes of a distance matrix), and incorporates information on the relative abundance of the species; four distinct metrics were calculated: i) functional richness which represents the amount of functional space occupied by a community of species; proposed as a multivariate analogue of the amplitude of a single trait (Villéger et al. 2008) , is not weighted by abundance and therefore sensitive to outliers (Laliberté & Legendre 2010) ; ii) functional evenness that corresponds to how regularly species abundances are distributed in the functional space; higher values indicate that the distances between the nearest neighbouring pairs are similar, tending to zero with increasingly clustered points; iii) functional divergence that defines how distant the species abundances are from the center of the functional space (Mouchet et al. 2010) ; high values of divergence indicate that abundant species are close to the vertices of the functional space; the values approach zero as abundant species approach the center of space; and iv) functional dispersion that was proposed to combine the strengths of the first three measures (Laliberté & Legendre 2010) , incorporating abundance information such as evenness and divergence but, unlike these two metrics, as well as functional richness, considers the dispersion of species in a space of attributes. In essence, the dispersion is the average distance of each individual to the centroid of the community. To test for differences between the functional diversity metrics in the two forest physiognomies Student t tests were applied.
RESULTS
A total of 651 individuals (disregarding recaptures) of 95 species distributed in 30 families were recorded (Table 1) . Of these, 206 individuals from 49 species were captured at the Araucaria forest and 445 individuals from 73 species at the dense ombrophilous forest. Sampling sufficiency analysis showed that for both environments understorey birds are reasonably well-sampled ( Figure 2 ). Rarefaction analysis showed no differences in species richness between the two assemblages ( Figure 3 ). However, according to the Rényi diversity profile, the dense ombrophilous forest bird assemblage is more diverse for both the Shannon index and the Simpson index ( Figure 4) . It also showed a more uniform distribution, i.e., a greater evenness in the distribution of species, according to the Species Abundance Distribution ( Figure 5 ). The distribution of the relative abundance curves did not reveal any apparent dominance in the dense ombrophilous forest assemblage, whereas there was evident dominance of a few species -Turdus rufiventris (25 individuals), Zonotrichia capensis (24 individuals) and the complex Elaenia sp. (26 individuals) -in the Araucaria forest bird assemblage (Table 1) .
The abundance distribution curve also shows that in the lowland dense ombrophilous forest more rare species occur than in the Araucaria forest. The best-adjusted ecological model for SAD was Mandelbrot, which postulates that late colonizing species have the greatest needs for a specialized niche and are therefore rarer than the initial colonizing species. ANOSIM revealed slight but significant differences in species composition between the assemblages (R = 0.10; p = 0.05). Some bird species, exclusive to one or the other assemblage, contributed most to the differences found: at the Araucaria forest these were Z. capensis (0.044) and Elaenia sp. (0.046), while at dense ombrophilous forest it were Habia rubica (0.064) and Tricothraupis melanops (0.031) ( Figure 6 ).
No significant differences were found in functional dispersion (t = -0.98; p = 0.37) or evenness (t = 0.49; p = 0.64) between the two assemblages ( Figure 7) . However, functional richness (t = 2.23; p = 0.01) was significantly higher at the dense 
DISCUSSION
Although a higher structural vegetation complexity, usually closely linked to the number of species found in a locality, is usually found at lower elevations (Franchin et al. 2004) , we found no significant differences in taxonomic richness between the assemblages of the dense ombrophilous forest and the Araucaria forest. Our results only reflect understorey bird composition and structuring, and particularly, those taxa well-sampled through mist nets; the use of complementary sampling schemes, e.g., acoustic monitoring, could result in different patterns.
The model that best fitted the distribution of abundances of the species is characteristic of environments in ecological succession. Forest environments in a higher successional stage tend to provide greater amount of food resources and habitats for birds, and this is probably the reason why the dense ombrophilous forest was functionally richer than the Araucaria forest (Aleixo 1999 , Casas et al. 2016 . Our results also showed that the dense ombrophilous forest present greater taxonomic bird diversity. The more diverse well-developed vegetation strata potentially provide a greater number of microhabitats and resources for birds, probably leading to a more equitable distribution of the number of individuals by the species present in the dense ombrophilous forest (Mendonça-Lima 2012).
Bird species contributing the most to the differences found between the assemblages of the dense ombrophilous forest and the Araucaria forest are either birds typical of more open areas or forest edges, or species of dense and humid forest interior or that require large forest patches to survive, more characteristic of forested continuums still preserved in the valleys of the southernmost portion of the Atlantic Forest. Zonotrichia capensis and Elaenia sp. represent the former. Indeed, Z. capensis is characteristic of open environments and forest edges of colder climates from sea level up to 4,600 m (Rising & Jaramillo 2017) ; and Elaenia sp. is more common in forest edges and open areas (Bencke & Kindel 1999) . On the other hand, H. rubica and T. melanops are typical humid forest understory birds (Hilty 2017a,b) .
The dense ombrophilous forest bird assemblage was functionally richer and less divergent than the Araucaria forest bird assemblage; nonetheless, there were no differences in functional dispersion and evenness between the The boxes indicate the value and the lines the confidence interval (95%). Only richness and divergence showed significant differences between the Araucaria Forest and the ombrophilous dense Forest (see text for statistics). two environments. Functional richness reflects the full range of all traits simultaneously but is not weighted by abundance and, therefore, can be inflated even by a single individual with unusual characteristics. The presence of some large-bodied species such as Micrastur ruficollis (Falconidae), Triclaria malachitacea (Psittacidae), Batara cinerea (Thamnophilidae), Crypturellus tataupa (Tinamidae), Trogon rufus and Trogon surrucura (Trogonidae) and of others of smaller size, but also functionally distinct with respect to the beak, tarsus and forage stratum as Xenops rutilans (Xenopidae), Picumnus temminckii (Picidae), Platyrinchus mystaceus (Platyrinchidae), Myrmoderus squamosus (Thamnophilidae) and Cacicus chrysopterus (Icteridae) would have the effect of increasing functional richness in the dense ombrophilous forest assemblage.
The higher functional divergence found in Araucaria forest suggests a higher degree of niche differentiation between species, indicating low competition for resources in this physiognomy.
In fact, the landscape of the plateaus is organized as a mosaic of patches of Araucaria trees inserted in an open grassland matrix (Pillar & Lange 2015) , allowing the occurrence of both forest birds and edge or even open-space birds. This landscape configuration potentially allows for a more varied occupation of habitats and niches, ensuring an efficient use of all or most of the available foraging and nesting resources. The lack of differences in functional evenness and dispersion between the two forests suggests that the two bird assemblages occupy similar functional hypervolumes, though each of those volumes is positioned in different regions of the available functional hyperspace.
The evidence that the assemblages of the two forests are distinct, and that the ecological optima of the species is influenced by the complexity of the vegetation, has immediate consequences for the management and conservation of birds in the Atlantic Forest and particularly in the Aparados da Serra National Park. The maintenance of the regional species richness depends on the preservation of the species present at the physiognomies, as they harbour distinct compositions and contribute, similarly, to the region's species pool. This association of some bird species with a particular type of forest suggests that both physiognomies are relevant to the regional diversity of the Atlantic Forest, a pattern already found by Beja et al. (2010) for the lowland Amazonian forests, underlining the importance of maintaining the natural mosaic of physiognomies that characterizes the Atlantic Forest towards the conservation of its unique and diversified avifauna. Protected areas like the Aparados da Serra National Park, which comprise different environments, are more efficient for environmental preservation, as already suggested by several authors (e.g., Law & Dickman 1998 , Smith et al. 2014 . The Aparados da Serra National Park should receive special conservation attention given the great pressure on converting forest to agriculture and exotic forestry in its surroundings.
